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SSREF is a 3rd generation synchrotron radiation light source
and aimed mainly at following research fields (at present) :
“~ Biological Sciences
“~ Physical and Materials Sciences
=~ Earth and Environmental Sciences
=~ BioMedical, Chemical and Industrial applications

BLO8U1 Soft X-ray scanning spectroscopy
BL13WI1 X-Ray Imaging

BL14B1 X-Ray diffraction
BL14W1 XAFS

BL15U1 Microfocusing

BL16B1 Small angle X-Ray Scattering
BL17U1 Protein crystallography




@ SSRF User proposals for 2009

(up to 2009-3-31 )

Beamtime request

Beamline Proposals (shift/8hr)
BLOSU1(SXSM) 30 ~ 246
BL13WI1(X-Ray Imaging) 40 ~ 297
BL14B1(XRD ) 40 ~ 245
BL14W1(XAFS) 65 ~ 545
BL15U1(Microfocusing) 43 ~ 352
BL16B1 (SAXS) 32 ~ 265
BL17U1(MX) 51 ~ 906
Total 301 2868 (~23000hr)
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SSRF Control System

=" SSRF control system is large scale real time
control system running with high reliability and
stability over 2 years in success.

“"The SSRF control system adopted various
advanced digital processing system

¥ Integrated with new computer technique and
many hardware and software on the market
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Overview

“"EPICS based control system

¥~ Connected by 2G Backbone Ethernet with
backbone redundancy for the whole system

¥~ Using Ethernet as fieldbus
Ethernet based PLC
Serial 2 Ethernet translate for serial device
Soft |IOC

" Centralized application server at server room
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Structure

Remote Access User OPI User OPI
Center Control Room
Physics I .
- Application Server Local OP1
Ot Application PP
Ethernet
[0C 10C Soft 10C
AD DA 1O Ethemet
Device Device Device Device
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Environment of Control system

=~ Set up the environment of control system, used
during phase of construct & in runtime.

=~ Composed with the control system network
system, server system and OPI system.

=~ Uniform running and development software
environment.

““"Developer and operator can login in on any
terminal and share resource of entire
environment with one account system(NIS/AD).
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Centralize EPICS Develpoment platform

= Software
OS
® Linux FC7/Kernel 2.6x/GCC 4.xx
EPICS base
©3.13.9/3.14.8.2/3.14.7/3.14.6/3.14.5
Extensions
® Edm/medm/SDDS/Archiver/Sequencer/etc.
Cross-compiler environment
® Gee 2.8x/gec 2.96/gec 2.96 patch
=" Target
Motorola VME 5500/GE VME 7050/ Motorola VME2302




2R TS AT I Y Y T

SINAP Shanghai Institute of Applied Physics, Chinese Academy of Sciences

Control System Network

9 SAN (10TB)
g gl E Internet
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g / ORACLE RAC
OPI OPI OPI_ GateWay/VPN @ & & { -
N ) y / L=
\\\\\ // Pirector -7 // - K)(/V 5% 0
\ / e 7 yd
. / s g s
s / /S
[— ] P //)/ / /S
T / /-
/
/
/ /
7% ol

» backbone reach 2G.

*Control system sub lan by VLAN
Division and recombine

*Full Network manage ability and
application oriented Qos
*Backbone redundancy design to
ensure reliability

*Remote access and monitor

W

—> PS systen)

VMI PLC TR &

Bl system

*Sub system division by VALN
*10.30.X.X/24

*Static 3 layer route table g.

*Access List table for access control

&y \

Server system

*Can be integrated other system easy in
future

0PI
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Server System

“~Two kinds of server:

Linux & Windows Server
® Integrated with Windows UNIX service 3.5

The operation system
® Fedora core 7
® \Windows 2003 R2 64bit & 32bit
=~ Different application on different type of server

NIS, YUM, PXE, NFS, NTP, Windows AD, Epics Boot, Soft IOC,
Archive, Alarm, Database, Web Service, WEB, e-Log etc.

F User's home on one NFS Server
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NIS1

NISO
NFES
EPICS Development Application
Server development server

Physical application
Server

Database server
cluster

Application Server

Web Server

IOC Boot Server

EPICS Application
Serverl

EPICS Application
Server 2
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Virtual Machine

Virtual Machines Virtual Machines

-;okvma..-..
CHNEIEIGIE

High Availability
Firewalls

Physical Servers

ISCSI Network

Shared SAN
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Soft I0C

=~ Multi-lOC running configure system

““"Through a configure file, IOC can be stop, start,
restart and set to be auto start state.

“"The I0C management system will check the
state of each IOC running state, if |IOC crashed,
it will be restarted.

“~ Inform with email or SMS
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= SSRF Softe IOC Manage

IOC List

i'un’ac ElIECTron gun soTtt iocy ""_

'Linac Modulator Soft loc ]
Linac MPS Soft loc[]
'Linac Motor Soft loc [J
Linac Vacuum Soft loc [J
o
Booster LLRF loc ]

'Booster Injection Soft loc [
Booster Extraction Soft loc ]
'Booster MPS Soft loc []

Booster magnetPS Soft loc [

'Booster Vacuum Soft loc[]

0

1Storage Ring Injection loc[]
‘Storage MPS loc ]

1Storage Ring Vacuum loc1[]
‘Storage Ring Vacuum loc2[]
Ring PS Summary 10C []
‘Storage Ring BS interlock I0C

Injection Extraction Oscillosi%

-~

Shanghai Institute of Applied Physics, Chinese Academy of Sciences

|IOC Manager

1

Message of IOC Opeation

Start 10C

Stop 10C

Restart IOC

|

[ || operation message from iocsv07.ssrfacen bud . @M
B R£EE® ZEV IED =fEA #EEHH
EE =F¥EE £ HmEAR O fkk SihsE F7E » B- @-

KA shen@sinap.ac.cn; wantianmin;

manageioc. pl SE_MNPS. sh start

csrobot@cnsvr0.ssrf.ac.cn [csrobot@cnsvrO.ssrf.ac.cn] SEMEEEA

operation message from iocsv07.ssrf.ac.cn

at Fri Apr 17 01:01:44 CST 2009

2009/4/17 1:01
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Hardware system

=" Uniform hardware design, as typical implementation of
SSRF control system have:

Ethernet everywhere
VME 64x System : GE VMIVME-7050 and Motorola MV5500.

PLC system: Yokogawa FM3, SIEMENS S300.
Serial port server MOXA NPort-5610.
The embedded controller: Digital power supply controller

VME board:
® Timing system: VME-EVG-230, VME-EVR-230, EVR-
TTB-200, EVR-OTB-200
® PS control system: VIPC 664

Linux PC server (Soft IOC)
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VME 64X Svstem

VME 64X crate
by Elma

4U 7Slot
9U 12 Sloat

52 e b st s

With the crate
monitor system
with Ethernet or
Serial port

— Motorola MVV5500
— GE VMIVME-7050

Support Telnet,
Http

integrated with
EPICS
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Hardware
¥ Serial 2 Ethernet translate

MOXA UC
MOXA NPort Embedded Linux
5610-16 DI/DO

AC Power Input
100-240 VAC input,
47-63HZ

Serial Ports

RJ45 E]Bfin), RS-232,

50-230.4Kbps Connection Cable

wrovm The RJ45to DB25 cable
= isanoptional accessory

AC Power Switch

Ethernet
RJ4510/100 Mbps

Push B utton
Reset Button

LED Indicators

19-inch Rackmount .
System status, Serial Tx/Rx

The Rackmount Kit is

a standard accessory L} cm Display Panel

Control Group SSRF CN, Shanghai, 2008
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Software System

“"The SSRF control system running on EPICS base
v3.14.8.2

=" OPI
EDM and some Python script

““"High level physics application
Matlab 2007a

MCA/LabCA
Accelerator Toolbox (AT) & middle layer was adopted.

=" Perl/Python, Qt3
“"CodeGear RAD Studio 2007(Borland C++/Delphi)

For Windows client
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LA-PS:HO1FCS-13 Details

Digital Input

Front Ends

Utilities

B /hone/dingjg/bropi/ht_ps, edl

Booster-to-Ring PS control
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Centre Database System

" Store the machine parameters and reference
information for all stage of machine simulation
and running.

¥~ Access and set various accelerator run time
configure parameters, failure report and invalid
record of all system.

=" WiIll store accelerator runtime data with an
enhance channel archive system(under testing)

“"Remote access from Internet and web based
database access also could be applied.
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Database System

““"The hardware platform using SAN & database server
cluster.

“"Now we have tested on the MS SQL Server 2005 and
will transfer to Oracle 10g with RAC later.

IPR&E

LinwdR35258 &
Oracle¥1BEER A

LinwBR$5e585 5%

EMC Oracle$ig B A

NS40GRIZ

DS220B
prc i




FOHSELBELDW BB EE

Shanghai Institute of Applied Physics, Chinese Academy of Sciences

e-Log System
v~ Based on center database system
=" Using Web2.0 Blog system

=" Support RSS
& Inte rated with uniform authentlcatlon system
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SSRF Control System

““"Three part of control system:
Linac, Booster, Storage Ring

=" Sub system
Magnet PS, Vacuum,
Modulator, e-gun, Transport Line(injection & extraction )
Timing, MPS, RF, ID

= System device IOC PV

" Power supply 585 20 65000

“"Vaccum system 730 25 23298

“"MPS system 25 3 16842

“~ Timing system 16 16 540
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PS Control System

=" QOver 550 magnet power supplies are used at SSRF
=" All magnet PS are digital controlled

=2 types of digital controller used:
SINAP-developed digital PS controller:
® served for LINAC, Booster and Transport Lines
PSI-designed digital controllers (Purchased from DLS Co., Ltd):
® served for Storage Ring and the Booster Ramp PS.

® \Waveform can be triggered to run with offset current and
scaling factor.

® The SSRF global timing system triggers the waveform to run
at repetition of 2 Hz.
¥~ Performance of high stability and reliability has been
demonstrated since SSRF commission.
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Digital Power Supply Control system

=~ Two kinds of system
=" EPICS integrated
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Digital Power supply control system

Consoles
Linw/®C |
| 1
| Eheret TIMING:
l VME

i

VME/IOC
Ethernet
Serial Comm. Server
Optoboard
Fibrelink

PS Controller

PS Controller

Solution for SINAP designed controller

Solution for PSl-designed controller

Control Group

SSRF CN, Shanghai, 2008
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B /hone/dingjg/bsopi/bs_ps. edl

Magnet Switch _Setpoint  Readback

101CVPS

101CVPS

PS Control System

Booster PS control

Status Magnet  Switch  Setpoint

Readback

Ihomeiphyuser1RAMP-WF
Ihomeiphyuser1/RAMP-WF
Ihomeiphyuser1iRAMP-WF
Ihomeiphyuser1/RAMP-WF
Ihomeiphyuser1RAMP-WF

Ihomelphyuser1/RAMP-WF

Status

Booster Ramping Control.
Booster Ramp PS Control

‘Waveform download operation
Filename:

Destination Download  Status

1-Pulse.dat 19

1-Pulse.dat

1-Pulse.dat

1-Pulse.dat

1-Pulse.dat

1-Pulse.dat

form parameters
ling  Current

WFsrc

980.00 46126

980.00 46176

449.00

20615

424.00

19.482

15.00

0973

1200 0778

Master Relay

Current Transd

et Current sname):S| Actual -

Rack Water - O

Interlock - O

Minimum Current
Maximum Current

DC Link Voltage
Load Voltage

Current Ref/Readback diff.

Ventiator JESEONERS [ |

Chasis Door - .
Loaa water [N (3 |

Load Temperature - Of

|_timngon_ [ Timing 0FF || eneete avt | oiseeLe auc|
| B-01 Current B-02 B-02 Current QD-01 QD-01 Current.
WF sector we sector [N 10003 w sector [JEEIN 00,
Step size Step siz - mo—: Sfaptlzs- 200
Scaling Bl 6000 | ::E seaing [0 200
Tri status ig saus [N 200 i status [ 1003
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8 16 24 322 4 0 8 16 24 2 4 0 8 16 24 32 4
QF-01 QF-01 Current SD-01 SD-01 Current SFo1 SF-01 Current
wE sector [IREIN 00 we sector [JNENN i we sector [N
step size JIEEIN 5002 step size JIPERN step size [NFEN 153
scaing PR 200- Seaing [ERRY 102 scaing [Fp 10
Tig setus [ 100 g stas [ °3 g satus [ 53
o B Ty, oo B Oy, ol TR

Power State

ADC Check

Comm Frame Check
Cormm Timeout
Digital Input
Command Execution

Operation Prior

HIRaw Value

| DEV STATE

Raw Value
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Booster PS Control System - in house

3¢

~ IR ST O S TS EX [ T

de_§i n

ﬁ /home/dingjg/bsopi/ht_ps. edl

Booster-to-Ring PS control
Switch

Magnet
HT:CV-01

Setpoint Readback Status

mcvrs [ bicvs SETTEIENIS
HT:CV-02 101CVPS- E- _
HT:CV-03 - 101CVPS- E- fs:Ho1cvPs 03]

HT:CV-04 101CVPS- E

Master Relay - .
Current Transducer - -

SetCurrent 17,555  Actual Rack water [IFEUERIN
Interlock -
L

ventiator [T [

chasis Door [ NN O
Load water [JERIIRNN [

Load Temperature _ O

Minimum Current
Maximum Current

DC Link Voltage

Power State

ADC Check

Comm Frame Check

Comm Timeout _

[S:H01CVPS-04]

HT:CV-05 101CVPS- E- [S:Ho1CVPS-05]
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Current Graph I

SSRF CN, Shanghai, 2008
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Vacuum Control System

““"Device based on serial port

» Vacuum Gauge: VARIAN Multi Gauge

» Sputter lon Pump: JJJvac Sputter lon Pump Power Supply
» RGA (Residual Gas Analyzer)

* Vacuum Valve

» PLC system
" Serial Device Server: MOXA Nport 5610-16

> Total 53 Front panel of NPort 5600 series
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Vacuum Control System

RGA Monitor OPI
PC/Windows . Ethernet
10C
PC/Linux
Ethernet
N N
A\ 4
Serial Device Server: MOXA NP5610
A N N
RS-232 4 Contact A4 Interlock
Pump Power Gauge Signal > PLC Signals
Supply Controller
\Z A4
Valve Controllen] Related
Systems
v J
RGA Pump Gauge Valves Thermocouple
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Vacuum Control System
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BS-H01 IPS Control Panel

1PS HY Current Pressure PS HY Current Pressure
SINAP Shanghai Institute of Applied Physics, Chinese Academy of Sciend "-“ si00v 3un 2o |Pa ﬁ s20v sun oot |Pa BS-TO08-IPS-1
2un 1.5000-00 ﬁ G200V S 8.5000-07
Tun 2000009 ﬁ‘ sz o5un 850007
2un 1000 [P i‘ sy aun azmem P BS-To8-1PS-1
1ua 1300208 |Pa ﬁ‘ 6300V 11 ua 1a0e07 [P
2ua 1500008 [Pa ﬁ 6100V Mua 1.1000-07
Booster Vacuum Overview =

2un 800000 S 2un 1500008 E )
2ua 1500008 [Pa a VAHOTIPS-24:Read  |-VAHOTIPS-24:Curd _5-VA:HO1IPS 2a:8catba 6100 V

= I e 2un e

m = JuA

L ey Tua a000e.09 -‘ son0 v 2un 1500008

w

-‘ w20y 2un +a00e.00 i‘ s100v 2un 200000

Y | [ B s 2.9e-08 |Pa

i

Ly ey 2un az00e.07 0y ewv Ju 2500000

i S0, aun azome08  |Pa i‘ s100v. 3un 2800008 |Pa

5000y 3un e [P = 2un ziew [P Control

Roster HO2 VGZ Certrol Panet

10-8 10-8
10-10 10-10

- /home/ubuntu/tmp/edn

\Qing_Vac;sev_Dm

-! " O 3

e - e -
o ] ™
neses =] e ™

Y=g ey =gl ppy o |
enes (aovem (e [hiwen e | 1o | 2ent -
ongas, [aimom (B0t Dot (oo | | 1aes -
s o o = s -
rama O e ™

v W [ponen | 1ower | vt | 12001 o=
e = -

= i e =
s L e e R R AT :
Ttas (aowm (bt [pimin o | | 100 o
ares = o = =

Beam Dump

Wall

| Reset

| CloseH Openl | Off | Cn |

SWius Control
\ CLOSE
Fault | stop | start |

emote
we [
remctor sot. [

pcalf
emote

- aK |i
6K\

sats - BK |-

tatus Readback
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Control of Insertion Devices

=5 insertion devices in SSRF at this moment
2 In-vacuum undulators
1 EPU

2 wigglers

=" A new model of embedded EPICS controller

Moxa UC7420
Intel Xscale CPU

Linux system

Integration remote control for motion control & coill
power supplies control
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The event timing system

“~ New event timing system

» Structure is simple used
broadcasting method

» Low Jitter with distributed RF
clock

» Run on the EPCIS environment,
base 3.14.x

» Easy to extend

¥~ Compact network based on
characteristic event system.

=~ All EVRs are placed on timing
crates and Bl local stations

== All trigger outputs integrate with
Second level brunches, ~250m hardware interIOCkS

Third level brunches, ~ 60m

Fouth level brunches
(plastic fibers), ~35m

SR: Storage Ring local station ,assuming 10
BR: Booster Ring local station ,assuming 2
LN: Linac local station ,assuming 1

Control Group SSRF CN, Shanghai, 2008
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ing System

* Micro-Research products
« EVG-230

EVR-230

Fout-12,

OTB-200

TTB-200

GunTX-200

GunRC-200

Control Group
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SSRF CN, Shanghai, 2008
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RF & Timing Event Distribution

Master Signal
Generater

RF Signal
Distrubution
Unit

Timing & Eent
Signal
Generator

Fiber (Om3 )
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Unit
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Performance

“"The RMS jitter of gun trigger relative to RF
reference is 10.72ps, which includes the jitter of
e-gun and oscilloscope.

“"The RMS jitters of other injection and extraction
trigger are less the 30ps.

" Performance are satisfied with the requirements
of physical design.
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MPS System

=" SSRF MPS has three levels of protection.

Fast hardware interlock subsystem: 1mS
® For beamline fast photon shutter protection
® custom-built TTL logic gate array circuit,

General hardware interlock subsystem: 30mS
Software interlock subsystem: 50~100mS

From BL front end

To KSU1-3

input1

|solated
input

Input80

=

TTL
Logic
Gate
array

=)

|solated
output

output1

—— > output2
output3

Diagram of fast hardware interlock controller
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MPS System
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Fast interlock system

“““New controller
» ARM/FGPA

7] ARM BOARD LAST.pdf - Adobe Reader
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POWER

CONNECT 1

T :
SHEETOl——ARM TITLE
SHEETO02 ARM POWER
SHEETO03 ARM COREI!1
SHEET04 ARM CORE2

SHEETO05 ETHERNET

ETHERNEITSHEET06——SDRAM BUFFER

PXA270

UART

SHEET07——FLASH BUFFER
SHEET08——CPLD

USB

SHEET09——ARM JTAG&LCD
SHEET10——UART&USB

CONNECT 2

SHEET11——CONNECTOR&POWE

PXA270 Evaluation Module
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The RF System control

““"Linac RF system is in house design

““"Booster RF Is a turn key system
Integrated with EPICS system

““"Integrated the whole storage ring RF system
VME/PLC
EPICS

=" All the RF system can remote control at center
control room
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Linac RF Controller

RF Devices
Interface

SSRF Design

VME Controller
MVME 5500 CPU
VMIVME 2536

4 Digital 32 In/32 Out Ch
. : VMIVME 3125

N ' Analog 32 Ch A/D

Isolated Interface
SSRF-Design EPICS Driver
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Remote manage & debu 0

*VVideo & Audio system based on network =
*Device management
*Remote monitor: VME, Switch, UPS etc
*Network management system

Based on SNMP
Email. SMS alarm system(Next)
*EPICS gateway between ACS/BLCS
*Control system Live CD

v
o gemac
uuuuuu

IP-based
Ethernet
NPort 5610
:fléﬁ < = % %
Switch Switch
L ) L J
- ™ Host A's COM3, COM4, COM5 Host B's COM3, COM4, COM5
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Center Control Room

#HP7700 OPI PC( 18 ) in the Control Room

=~ All the OPI run on the Linux Fedora 7 and In
ssrf.ac.cn domain.

" OPI system running at control system uniform
runtime environment.

““"The edm file store on NFS file server and all the
client can access it by a start script.
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Conclusion

=" Set up a distributed controls system based on EPICS.

=~ All device control system had finished system construct,
include install, online testing and software development.

“"The LINAC, Booster and Storage Ring control system
were finished and used in daily operation.

““"High level physics application and control system OPI
panel can run normally.

““"The control system was successful during the machine
commissioning. In general, most function of control have
been reached on design goal.
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Conclusion

=~ Uniform hardware and software design
“"Ethernet everywhere with an uniform network

=" Soft IOC used reduce the cost

““"Industrial and commercial technique used widely
¥ |ntegration of IT technique
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